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Objective of Evaluation and Comparison

* To help next phase NLDAS development
(CLSM-F2.5, Noah-MP3.6, CLM4.0)

 To fill a gap for L1S-based NLDAS evaluation: NASA
group evaluated Open Loop run and data assimilation
run without considering current operational NLDAS
run and L1S-based Open Loop run

* To check what gain we can obtain from model
physical processes’ upgrades including model versions
and addition of extra subcomponents (e.g. ground
water, multi-snow layer, vegetation dynamics, etc.)



Data Source

Model: CLM4.0, Noah-MP, CLSM-F2.5, monthly SWE, SMC, and GWS

Observation: GRACE TWSA, SNODAS SWE, USGS wells, and soil moisture

(AL, IL, OK, WTX) GRACE
[Swenson and Wahr, 2006, GRL]

Time Scales: monthly

Modeled snow water equivalent, total of snow layers - 2004- 2-29 0600h

[Clow et al., 2014, HYP]

SNODAS

T Soil Moisture Data
USGS wells [Li et al., 2015, JH] AL, IL, OK, WTX
el [Xia et al., 2014, JH; 2015, JHM]

50N 1 L L 1 L 1
o o
: B | A
o ) p
":‘ o 50N = : x ;
— :
40N e " 5 4bN_# ] . P as
o o fo "\ oo . LA i
] [ b g 40N AT e )
ex o - = oA }
. . : \\ s |
% . 3 35y A ." R o !
. e foond
L] AL |
- 30N ,
. . B y

Nt

25N . WL . . -~

120W 110w 100W 0w BOW 70N
Longitude

T
ﬁov
vrqgoo\!
Y
T




3.1. Total Water Storage Anomaly (TWSA)
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Total Water Storage Anomaly (TWSA)

TWSA = SMCA + SWEA + GWSA + CWSA (1)

where SMCA is total column soil moisture content anomaly,
SWEA is snow water equivalent anomaly, GWSA is ground water
storage anomaly, and CWSA is canopy water storage anomaly.

As CWSA is much smaller than the other three terms, the Eqg. (1)
Is modified as

TWSA = SMCA + SWEA + GWSA (2)
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Figure 2: Nationwide total water storage anomaly comparison (mm)
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Figure 3: Names and boundaries of the domains of 12 National Weather Service River Forecast
Centers, locations of 181 USGS wells and 195 in situ soil moisture measurement sites.
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Figure 4: Comparison of the 12-year (2003-2014) time series of monthly total
water storage anomaly (TWSA, unit: mm) from the GRACE-derived data set.
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Figure 5: Mean seasonal cycle of TWSA for 12 RFCs)
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Figure 6: Effect of snow water equivalent anomaly (SWEA) when GRACE TWSA
Is referred.
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Figure 7. Same as Fig.6 but for soil moisture content anomaly (mm).
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Figure 8: Same as Fig.6 but for ground water storage anomaly (mm)



Monthly Variability
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Regionally Averaged Water Storage Anomalies
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Figure 3. In situ soil moisture and groundwater storage

anomalies. Circles are monthly anomalies of soil moisture
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time in years, and Y-axis is storage change in mm.
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3.2. USGS Ground Water Storage Anomaly

CLM4.0 and Noah-MP:
Simple Ground Water Model [Niu and Yang, 2007]

CLSM-F2.5: Simple shallow water table [Koster et al., 2000]
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3.3. Snow Water Equivalent (SWE)

CLMA4.0: 5-layer snow model
Noah-MP: 3-layer snow model; CLASS albedo
CLSM-F2.5: 3-layer snow model

Snowfall, snowmelt and sublimation are
compared for Noah-MP and CLSM-F2.5 model
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Table 2: Anomaly correlation between SNODAS SWE and
Simulated SWE by the three models for 12 NWS RFCs when
mean seasonal cycle is removed.

RFC Name CLM4.0 |Noah-MP | CLSM-F2.5

CBRFC 0.70 0.67 0.68
CNRFC 0.79 0.79 0.79
WGRFC 0.60 0.62 0.54
MBRFC 0.61 0.58 0.62
ABRFC 0.20 0.25 0.36
NCRFC 0.80 0.80 0.78
NWRFC 0.85 0.75 0.61
MARFC 0.66 0.55 0.81
SERFC 0.17 0.13 0.22
NERFC 0.73 0.70 0.63
LMRFC 0.20 0.13 0.23
OHRFC 0.45 0.47 0.62

Mean 0.56 0.54 0.57
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3.4. Top 1m Soil Moisture Content Anomaly

Top 1m soil layer:

Model: CLM4.0, Noah-MP, CLSM-F2.5
OBS: Alabama, Illinois, Oklahoma, West Texas

Data quality — quality controlled:

lllinois [Robock et al., 2000, BAMS]
AL, OK, and WTX [Xia et al., 2015, JAMC]
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The work is ongoing ......
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Networks

Agricultural Research Service

Alberta Agriculture and Rural Development
AmeriFlux

Atmospheric Radiation M

Automated Weather Data Network

CHILI

Central Plains Experimental Range

Climate Reference Network

Cosmic Ray Soil Moisture Observing Station
Critical Zone Observatory

D Envir tal Ob: ving System
ECONET

Fluxnet Canada

GPS Soil Moisture

ISGMN

lllinois Climate Network

lowa Historical Soil Moisture

Livestock and Range Research Laboratory

Long Term Ecological R h N rk
Michigan Automated Weather Network
Missouri AQEBB

NOAA HMT

National Ecological Observatory Network
Cklahoma Mesonet

SNOTEL

Soil Climate Analysis Network

Soilscape

South D - d Weather N rk
Southwest Research and Outreach Center
TW Daniels Experimental Forest

Water and Environmental Research Center
West Texas Mesonet

Quality control [Xia et al., 2015, JAMC]

TAMU North American Soil Moisture Database
(NASMD) - http://soilmoisture.tamu.edu/

27



Tm SMA (mm)

Tm SMA (mm)

120 120

(a) Alab 0.04 0.59 0.60 (b) Ilinoi 0.700.700.54
go{ (0) Alabama 80- inois
401 40
0 0
—40- —40-
—80 1 —80 1
-120 r r r r —-120 T r r
2002 2004 2006 2008 2010 2012 1985 1990 1995 2000 2004
120 120
0.840.890.88
804 (¢) Oklahoma 804
40 401
0- 01
401 401
-80 -80
-120 r r r r -120 T T T T
2000 2002 2004 2006 2008 2010 2000 2002 2004 2006 2008 2010
— (BS — (| M4.0 Nooh-MP == CLSM-F2.5

Figure 20: Comparison of multi-year (from 11 to 20 years) time series of top 1-m
monthly soil moisture content anomaly (SMCA, unit: mm) spatially averaged over
each of four regions from the three models and their corresponding AC values
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Variance Ratio and Error Estimation

To evaluate modeled data anomaly using observed data anomaly, mean square error
(E?) can be decomposed as (Gupta et al. 2009):

E* = E} + Ej (1a)
Ej = (1+y?—2yACy)ds (1b)
y==>2 (1c)
oo _ _
EZ = (S— 0)? (1d)
1 P — = 1 . _
75 = BN~ 7, 00 = [N, - 002 (1e)

__ BiENs{=sNh©;-0"
Tis1 (5{-s)H? EiZ7 (0{-0")?’

AC, where S/ =S5, —S5,0;, =0, — 0 (1f)

where g5 and o, are standard deviation for modeled and observed data, respectively. S,and
O, (i=1, N) are model and observation data time series. S; and 0; are model and
observation data anomaly time series. N is total number of months. The AC, is anomaly
correlation when long-term mean seasonal cycles are not removed, and S and O are mean
modeled and observed data, respectively. S’ and O’ are the long — term anomaly mean. y
is a ratio between modeled and observed standard deviation.
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Figure 21: y values (ratio between observed and simulated standard deviation)
calculated from simulated and observed and (a) TWSA for 12 RFCs, (b) GWSA for
6 basins, (c) SWEA for 12 RFCs, and (d) SMCA for 4 regions. The y value
represents a ratio between simulated and observed standard deviation.
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Figure 22: The E values calculated from simulated and observed/referred and (a) TWSA
for 12 RFCs, (b) SWEA for 12 RFCs, (c) GWSA for 6 basins, and (d) SMCA for 4 regions.
The error is caused from anomaly pattern




4. \Water storage depletion in CBRFC, CNRFC
and WGRFC

How well can the models capture ground water storage
depletion at three RFCs?

What part mainly contributes to the large depletion?
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Figure 23: 35-year water storage anomaly (mm) for three models and NWS
RFCs when mean seasonal cycle is removed. 33
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Figure 24: Recent 10-year (2005-2014) mean total water storage anomaly depletion
rate (mm/year) calculated by the three models and with a 35-yr climatology (1980-
2014). GRACE climatology is calculated from 2004-2009.
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Swenson and Lawrence, 2015, WRR
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Figure 25: Optimal CLM soil thickness parameter (m). Value at
each grid cell is taken from the ZBOT simulation rmsd between
GRACE and CLM TWS.
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Take away messages from this analysis:

a.

Estimates of total water storage anomalies are just okay for all three models
although anomaly correlation is relatively high. However, the amplitudes
are different.

Noah-MP has quite good performance for SWE simulation when compared
with SNODAS product. The fair performance can be seen for CLSM-F2.5.
The reason comes from both precipitation partitioning and sublimation
differences.

CLMA4.0 captures quite well for ground water depletion observed in USGS
wells. Noah-MP and CLSM-F2.5 fairly capture this phenomena.

CLSM-F2.5 (CLMA4.0 and Noah-MP) shows too strong (weak) amplitude
and signals in wet RFCs when compare USGS wells. All models have fair
performance when compared with USGS OBS. This may need more efforts
to work together to move forward.

Differences of TWSA and its components have implications how water is
stored in surface, soil and ground on drought analysis and monitoring. It
matters!

Grid cell dependent (rather than uniform) soil depth may need a further
Investigation in future
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